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PURPOSE: To provide the phase shift mask having high quality and the process for 
production thereof by decreasing processes at the time of producing the phase shift 
mask and to provide the exposure method using the phase shift mask. 
CONSTITUTION: A second light transparent part 4 of the phase shift mask 200 is 
composed of molybdenum silicide oxynitride or molybdenum silicide oxide 4, of which 
the phase difference attains 1 80° and transmittance is 5 to 40%. A molybdenum 
silicide oxynitride film or molybdenum silicide oxide film is formed by using a sputtering 
method in the production stage for the second light transparent part 4. As a result, the . 
second light transparent part is formed by using the conventional sputtering device and 
since the etching stage of the phase shifter parts is just once, the probability of \ 
generating defects and errors in the production stage is lowered. \^//X V'S/X 
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ffiOiCit. tiffin >y-r£Ci#oJ 
fjg4ft£ 0 

[0065] -eofgin. s^tcjt^-c. -e©§&sifia s 
4 arane t & 0 . s„ D n iottB-> 7h7^^ zmm? s 40 

C4*>«iJig4ftS. 

[0 0 6 6] Sfc. ^R|gP^©lSiE4>. SI2©3£jSjISI5 

(cffft^cij^-ctrs. 

[00 6 7] C©^W(cS^»fcfi[ffi^7 h7X 

i4©B^e.ft^{4tB^^ h cnn: 

J: 9. ^2©?tj®lgiJ©|g^« 1 500A-2000A 

^©S^tc^urfe, 1 8 o" ©ttffi££JM.£c 50 
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t&oimttez. Ltcv-o-c. tetany b-?*?<Dm2 
(DytmMsazmm i> &«©«£#©&«!£*«&- 4 ft 
0. »*^a©»*4i»±-rsc43&Jni«i&s. ^© 
t&ai. ^(«aK>»iftiecc*5w&*ai5©ifij±%ia 

[0 06 8 ] 

[%HM. «T. C©26HjKg^c>fcSfll©JISSWt-3 
[0 06 9 ] 01 *#JHUT. COXftftfCfett 

Sfitffi^^ hv^*©«js{coi»t:tti8-r*. c©{ita 

4. C©S^«l©i*ffi±(c^J5S3tifcfi[ffi'>7 h 

3 0 tt. H«ia6^*« 1 asgtb-rsar 1 ©^Sjigp 1 0 
4. aa-r hni&t<om% t mmm 4 # , ±em©# 
aaasi 0 *aaa-rs»t*©fi[fficc*Hyr 18O" t 

IfeU *>o. SI$*5 5-4 0%T*f), ©tt*4#> 
6ftS*2©*ajtaJ4t*>6«lJ«3tirt»S. 
[0 0 7 0 ] 02(a). (b). (c) £#M 

It, _hfBlli@J:«3 ft-SfiftB->7 h7X^2 00 £»jfi 
r-5^*©-7^^±©mti*JJ:0*>5^^±©^^(C 

[0 07 1 ] 02 (a) _B£ L fdita~> 7 

h7X^2 0 0OliiaT*S. 02 (b) £#9SG 
r. vxd7±©mtiiii, gS5lc^'^->©x ?i>~QW®W 
JSKor^-s/cSXt. a5j6/"C*->©x»i?wc©*t§ 
aWe^rOift*. cfco-C. 02 (c) 4#MIT, R% 
^*->©JtaJM»l 0<h{4ffi^>7drgf54 iOsAl 
{c*sWS**B©i&&*+#4 ft O Kc»fffl(K«»S C 4 # 
pjfig4ft5. 

[0 0 7 2] CCT. IS2©7fcj§j&§B4©2fisg£5~ 

4 0%ibfc©tt, fie*^4l^^c. affl*(cJ:or 

us?* h jR©9flt»©iiiv«pnE 0. y y^7< jcjb 

MiEft^7t«4-r€»fcJ6-C4.^ 0 
[0 0 7 3 ] ^2 ©||*g^4 0r±fBfiffl->7 h 

2 oo©»jg^Fi6«:ot»r. ttffis/^jrii^br 
* ^5 ; >'> y -y-^ paKUis few* y ^>-> y -y 

[0074] 03~06«. 0 1 iCfn-rmBisy h^X 

^ 2 0 o©Kffitceeo/cSi§xii?r^-r»ra«jS0-c* 

So 

[0 0 7 5 ] *r. 0 3^#jfBl/-C, 5^»gl©± 

SE{b^^ y yf>-> y-y-r FK<b^{tiS«i: ^ ft s 

[0 07 6] -e-©^. cvmBisy* m4(Dm&m^ 
msitztctbic. i"j->t-^im^T2oo 

°CJW±©»DI^S?:tf ft ^ . 

[0 07 7 ] cntciD. ee*{4ffi->^*s©^©u 

tWft7aizXtj;±'<Dl!mMm (^Jl 8 0*C) 0C«t 
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[0 0 7 8 ] ^(C. C©{4tl~>-7£Jg4©±&C. n^tf 
-AfflU^hi5 (H*-fe't>SZEP-8 10S 

(9»fig) ) ttf*w»*j5oooA»ia-r*. *© 
». * u ■/7 r >-> y im F^Ubms/ctt* y y 

(BSfamgi x^^-tf i o o (mmu) > ft££ 
tti o o AjfM-r^o 

[0 079] 04^#BBLT, H-?- t*-Affll^ 

-e©&, ns5£3gfinr&c 
[0 08 0 ] &fc> H5^#BSbr. ±ieu-^x h^5 

nmwifcmsm&G om 

m, fFSSE^O. 3Torr, KtStfXCF, +0, * 
ffll>T-£ft-eft©ZJis*£9 5 s c cm*5j:i>*5 seem 

ft5. 

[008 l ] 3tK. @6£#BS.UT, U^*m5*ISK 
«±«C«fc0. C©j©56WC:tetf.5<ifa^7 h v 

[0082] &(c. iauaA^ v^ifmzmMc 

3§**5 5~4 0%©ffiHF , ir*€)Ct. fcj;t»*&>feft© 

[0 08 3] J: or. cn^w^ifc-riiut, 
^ FK{kf5*jcko'*y ^7 1 >'>y-y->f HRflttfUkfefe 

[0 0 84] S-T> 07£#JKL<T. ±E«*»JS8frS 
[0085] ITtcStXn-^ijyi^iSJ, DC? 

^* hn>XA-^i;> 500 ©tgJ&Sr^TSJBS 
[0086] c©Dcvnha>x^^ij>ysg 

5 0 0B. X£*i5 0 eoftSlUC. £-y?H5 07 
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t. 7^ h 5 0 8 iA^ft-S-^y^ hn>*7V- F 

5 o 9»sg:we>tirc^ 0 

[0 08 7 ] S/c. y h 5 0 7 (C, Bf^©!®** 

Pirr^ifiiurr^- F5 i o^ggg^n. c©r^- 

F5 1 0<DZ~r? h50 7©*tfrffi_Bc. fc<b^.«. 
2. 3mmfJ, 1 2 7 mmftO^II 1 fr'BBSSft 

[0088 ] 3 gfM©5 1 2 fc c fca : **^«A i B5 
1 31>m£mS 0 6©3f©DfiHK:RWi5*iTt»S. R 
10 ©f^fSB#(c*JCi-C« % ^-^7 hil/t, t'J^f>-> 
y-y-T F*fflC>. ^M^F©±IB5^»ffi 1 ©ss«. 0 

5 0°CK^$nrt»-2) o 

[0 08 9] CfDiOWIKfcW, tfX^A^S 1 
r ©msfifc J: o'SJfl £ ©S^# x £b>t ^©fH^r-^A 

[0090] xwrnmicte^x ». c©<utB'>7 ^m© 
{fcSj* «fc o** y ^> ~> y -y- KUfb^tft** 6 ft z (4 

0. tr~XM- l~M-7. M- 1 4~M- 1 5»*y 

^>->>;-y->r FBMbgfM&ottffl^^Mr-**). * 

-XM-8-M- 13. M- 1 6— M- 1 lltfjzff 

30 [0 09 2] *2~a4». HaiOTfflt,^ 

ft&k r F U— »f ( A = 2 4 8 nm) > i^(A = 36 
5nm) *Jj:j>*g^ (A = 4 3 6 nm) tc*f-f£#^-- 
X{C*$tf.2>jg®5fs, (n- i • k) ©nlik 

ffi*>J;t>'{4tB£ 18 0° Ztc#><Dmmd 5 £^ 

[0 0 9 3 ] ±ISa2'-a4l3«:*}l»r > J»*d s tt. 
^t1&©&S A . te «fc O'^^^t© n ffirfp 6 . 
d 5 = A/2 (n- 1 ) - (2) 

©K^scr-#».s c i 5„ 

40 [0 094] 
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a* x m. m. \t 






mm 




% 


X10" 3 








Ar 


02 


N2 


Torr 


e 

A/min 




M-1 


72.6 


23.8 


3.6 


2.0 


709 


Mooi 


M-2 


77.1 


18.3 


4.6 


2.0 


645 


<n 
M 


M-3 


72.1 


8.6 


19.3 


[ 2.0 


600 


it 


M-4 


68.6 


7.9 


23.5 


2.1 


525 


it 

m 


M-5 


61.4 


7.0 


31.6 


2.1 


486 




M-6 


57.4 


13.1 


29.5 


2.2 


522 




M-7 


65.4 


17.8 


16.8 


2.0 


578 




M-8 


79.5 


20.5 


0 


2.0 


635 


MoSi 


M-9 


73.3 


26.7 


0 


2.0 


600 


CO 
SI 


M-10 


78.8 


21 .2 


0 


2.6 


225 


it 
m 


M-11 


81.1 


18.9 


0 


2.6 


632 




M-12 


82.3 


17.7 


0 


2.6 


650 




M-1 3 


83.5 


16.5 


0 


2.6 


754 




M-14 


73.4 


14.9 


11.7 


30 


702 


MoSi 


M-1 5 


79.0 


16.8 


4.2 


2.8 


750 




M-1 6 


76.0 


24.0 


0 


2.6 


830 


MoSi 

<o 
mitm 


M-1 7 


92.0 


8.0 


0 


5.5 


487 
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m2] 



15 





krFU-if- 


(>&^248nm) 


\ 






if 




% 


n 


k 


e 

A 


M-1 


5.22 


1.195 


0.409 


1355 


M-2 


3.59 


1.860 


0.437 


1442 


M-3 


2.92 


1.986 


0.530 


1258 


M-4 


0.69 


2.14 


0.868 


1088 


M-5 


0.74 


2.09 


0.821 


1137 


M-6 


1.8 


1.922 


0.569 


1345 


M-7 


2.6 


1.963 


0.538 


1288 


M-8 


7.0 


179 


0.318 


1570 


M-9 


4.6 


1.68 


0.322 


1824 


M-10 


10.2 


1.730 


0.251 


1700 


M-11 


5.0 


1.76 


0.350 


1630 


M-12 


6.13 


1.91 


0.384 


1360 


M-1 3 


5.51 


1.90 


0.394 


1380 


M-14 


3.52 


2.054 


0.5325 


1176 


M-1 5 


3.03 


2.111 


0.5855 


1116 


M-1 6 


4.39 


1.804 


0.3844 


1541 


M-17 


6.88 


1.842 


0.3409 


1472 
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ilg(*S365nm) 










m 3650 
ds = 2(n-H 




% 


n 


k 


Q 

A 


M-1 


11.6 


1.874 


0280 


2088 


M-2 


11.5 


1.950 


0.304 


1921 


M-3 


8.82 


2.11 


0.397 


1644 


M-4 


2.9 


2.318 


0.697 


1382 


M-5 


4.15 


2.344 


0.626 


1362 


M-6 


3.5 


2.01 


0.511 


1807 


M-7 


4.53 


1.88 


0.414 


2074 


M-8 


44.5 


2.11 


0.118 


1644 


M-9 


78.6 


1.85 


0.0169 


2147 


M-10 


73.8 


1.77 


0.020 


2370 


M-11 


18.7 


1.91 


0.222 


2005 


M-12 


12.2 


1.81 


0.254 


2250 


M-1 3 


17.9 


1.98 


0.245 


1860 


M-14 


8.55 


2.068 


0.389 


1709 


M-1 5 


8.71 


2.189 


0.420 


1535 


M-1 6 


9.39 


1.707 


0.2536 


2581 


M-17 


16.5 


1.833 


0.2207 


2192 
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g»(^S436nm) 


\ 










% 


n 


k 


o 

A 


M-1 


12.0 


1.786 


0.249 


2774 


M-2 


16.4 


2.006 


0.265 


21 67 


M-3 


11.7 


2.148 


0.358 


1900 


M-4 


3.9 


2.346 


0.644 


1620 


M-5 


3.4 


2.121 


0.572 


1945 


M-6 


4.4 


1.860 


0.410 


2535 


M-7 


8.8 


2.018 


0.367 


2141 


M-8 


46.3 


2.197 


0.114 


1821 


M-9 


83.0 


1.795 


0.0069 


2742 


M-10 


78.0 


1.733 


0.0123 


2974 


M-11 


22.2 


1.901 


0.195 


2420 


M-12 


21.1 


1.982 


0.220 


2220 


M-1 3 


13.3 


1.702 


0.213 


3105 


M-14 


13.0 


2.124 


0.3325 


1940 


M-15 


11.9 


2.185 


0.3653 


1840 


M-16 


17.9 


1.886 


0.222 


2460 


M-17 


18.2 


1.775 


0.1934 


2812 
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[0098] ^it. i8S:UUI10«, Sl2&<,>ua 

[0 09 9] Sfc, 0cfHC«. M&mTZff; 

T. S3fcjfc#tk r F U— tf©t§llr. $I<b L"C 

3 ft £iSjt$T # 5 % ~ 4 0 %©ffiBrt -5© 
tt. M-1. M-8. M-10— M-1 3. M-17T- 
&2>C±&£>fr2>. 40 

[0100] #ft. 09?:#it/t, sit^a* i mom 

^. {ifi:>7 hv**£LTg#3ft£jg®irr#5% 
~4 0%©©HF*9«:£>S©«. M-l—M-3. M~ 
8. M- 1 1~~M- 1 7 T<&£ 

[0101] xic. m 1 o^#b5.l-c. mytyt&gmo 
ms> amis? zm±o-csx2ti2>mMmT&5%^ 

4 0%©©Bi*i «:&£©«:. M-l-M-3. M-7. 
M- 1 1 ~M- 1 7 T&SCi 

[0 102]«±©^. £ifr>7?IiL-tffl^5C 
i©-C#^©«. M-l-M-3. M-7. M-8. M 50 
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[0103] ^CC. ±fg&*--*£. #X&iS*J:b©ll9t£ 
{ca-5^-C^^-7CCL^:4>03!)5^ 1 1 
[0 1 0 4 ] 0 1 1 {C7j^-r^v7«. ir-XM- 1 

-*m- 1 7fcfci-t^T^3*>. mfns£vmm<Dm-& 

[0105] Hfl^Cfia^T^a^©^*^ (%) . 

=m^tLmm'mmm<offiMVt {%) . =ftjg©*ii 

S42#S^©i>fS«it (%) &*--*©Si^7X 

1 0©±ia*S*^6. ffl*Bi/7i»«|4 0T:ffl^4Ci3&s 
-?#£©«. OEP. fiitB^^^MiUrfflC^Ci^-C 

#&(,>4>©£xEp-eftLTi,>&„ 

[0106] C©0 1 l©y^-7^6fe^SJ:5K, 

©&)&## £to£<*»5#*«. * y yf> isyy--{ h 

T;b=f>*«7 6%~9 2% 
®@R#il 8%~ 2 4% 

[0107] jfc. -ty^z^y-y-f KM<b8<b»© 
n©»^«. 

r;ua>3&5 6 5%~7 9% 

^S#8%~2 4% 
^*S3%--2 0% 

[0108] C cr-^S©±Pg?r 3 5%ilfcOB, C 
tiJiLt. ^CigS© 5 0 %«±(Ct4i . 

fct©-c*^ 0 

[0109] fcLh. COjISSFllOC^t^cfiitl^^ h v 

~5 o%©afi3s£WT£*y ^^yi^ KBMb«» 
gfctt-t y ^7 r >~> if-r K^ba<b^^.?c.5)g©^ 

[oiio] *©SiSxg«:ij(,»r«. ±j£L,fc 
* r/^isis vvj vm\M& tax* y y^>u 

5E©KJSK:Jfcf£U -e©f£. Bfje©i9^:/y*fT«r5 
[oiii] ^-©*SiU. St*©x^5. *y>yitg£ffl 

snx^s©^©i d &st$£<gT-r h c t a 

[0 112] ^tc. ^3©HSg«?!l4l,T±ia(4tB'>7 h 

-c. ?aA&fb«£/cttd7aAgKb^(b^gfctt:? qa 
^bSfb^bM^fflc^c^Kiotiritt^t-s. 
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[01 14] £-r. 112 ^rtlLt. 1 ©± 

a AlUb^fblKSfctt* a AMfbSHtl!J{b«j«fc <0 
[0115] C<D{4fl~>:72IS4©3ji^££5E 

x;fet±©ai«Wka*tfjQc5. io 
[ o 1 1 6 ] c nfcd: o . w%m^7 zmcofcrnmo 
vis* vm^7v^*i<ci6w&mm!®M (m \ 8 o-o 
<£.&&m.mm<D$m (o. 5~i. o%) i:K±tsc 

[0117] ^cc. c<Dms^y $i4©itc, uyx 

MS5*g|J*ft5 0 0 OAJ&STS. 

[01 18] yjCC. 013 U>>XhM5 

J&?&* 20 
[0 119] &tC, 01 4£#B8.LT > ±iei^xns 
5^7^ftlT, '©tB'>7$M4©x^^> ; 9'?rffi5: 
5. C©£#©x-,;3 : ->^g«:. Wf¥SM©RF-r 
* > x „ > y*8K*ffll» . ^ffiS«ra^§t^r 10 0m 
m. fPIijJI^O . 3 T o r r . SffrtfXC H ; C 1 , + 
0 2 £ffll>T^ft^ft©?£«£2 5 s c cm*$J:<>'7 5 
sccmKiO, x^^>^B#r^^J4^K:«fco-CX^5=- 

[0 120]*K. iiiGfcX^ ^ V ffl<,>/c 30 

i&misy b-?*? (ommc oi » t tir»«-r 4 . -> 

fSg7B£fc:*t-r£j§j®^#5~4 0%©3mfflF*5-C&-SC 
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[0121] LfctfoT. Ctl?.©^MifctItL 

«i*5 «fc If 9 o AgtfbS^S fc « * a ASMt»bflSfk!» 
#>6£ Soffit, >fc„ 

[0122] &*J, ±j£-r£{4*B~>7 &m%&f£'?Ztc 
&><DX>* v £ V >^M©1f jStcoi^rtt. 07 iCm-T 

[0123] ;|£e«09K:tec»Ttt. C©{4fB'>7£J^© 
fSMtcteur. a^©y-^©^oA©g?{b)8teJ:?>*i' 
a ASgjb^b^ifc «fc o^d AKf bttf bKf t«i«> 6 % & (4 

CO 1 2 4 ] *5tt. JJB^<» fMOTT, 

x <Dffi.rn.it * kje u tcm&<D&tr - * tc *jw z> 

0 . 1 ~c- 1 3«*aAM'fb1S©{i1 : B^:7 

tm-Cfo'O. *--^C-14-C-2 6B l ^UA^-fb 

[0125] ste^sistt, or/?n.»e> 

n-Sk r F U-if (A = 2 4 8 nm) . i |& ( A = 3 6 
5 nm) kJzZfgffi. ( A = 4 3 6 nm) &C*j"r&#-!r- 
^tcfett&jgji*. t^^SSc <n - i • k) ©nfitik 
fitted O'fttB* 1 8 0' ^&3tt£fc#>©JSiJId s £^ 

[0 1 2 6 ] ±!B*t6~ai8 4'M::fo-t>-C. MJid 5 tt. 
Wte*©«fi A . *> J: O'^^Sfc© n fftfe 6 . 
d 5 = A/2 (n- 1 ) •• (2) 
©Ml^SCr *es?) 6 C t #-C i* & o 
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UL J J 


ft ft 


mm 


\ 
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% 






XI O" 3 








Ar 


. 

02 


Hz 


. 

NO 


■ — . 

CH4 


Torr 


o 

A/min 




C-1 


71 .4 


28.6 


o 


u 


A 
V 


o.u 


gen 

toy 




C-2 


92.3 


7.7 


o 


a 


A 




Qcn 
oo(J 


Cr 

<7> 

E5Jt 


C-3 


90.0 


10.0 


o 


U 


U 


O A 


900 


C-4 


85.0 


15.0 


o 


a 
u 


u 


O A 


y4i 


C-5 


85.5 


14.5 


o 


o 

u 


n 
u 


A 1 


f yo 


fb 


C-6 


89.3 


i n 7 


A 

\J 


a 


n 


A n 
O.U 


QOQ 


C-7 


7 


7 ^ 


n 

\J 


u 


U 


4.0 


_ 758_ 




C-8 




34 


a 
\j 


U 


f\ 
0 


4.0 


448 




C-9 


94.8 


5.2 


o 


U 


U 


o ^ 

O.I 


733 _ 




C-10 


vJ-J I 


6.9 


o 


U 


U 


0. 1 


791 




C-1 1 


90-2 


9.81 


o 


n 
u 


U 




o^4 




C-12 


90.1 


9.93 


o 


a 


A 
U 


A -i 
4.1 


707 
/Of 




C-1 3 


95.1 


4.92 


o 


a 


u 








C-1 4 


^4 1 

□4 - 1 


*\o A 


IO.J 


u 


U 


1 .5 


110 




C-1 5 


4A ft 


39.0 


12.2 


□ 


u 


1 .5 


108 


Cr 

CO 


C-1 6 


A7 9 


6.4 


6.4 


u 


0 


4.1 


592 


C-1 7 


82.9 


4.9 


12.2 


o 


A 


A O 


COO 


K 

lb 


C-1 8 


90.0 


1 .3 


8.7 




n 


A 1 


/ GO 


C-19 


76.0 


0 


0 


24.0 


Q 


^ A 


AAA 


lb 


C-20 


83.0 


0 


0 


17.0 


A 
w 




con 


m 


C-21 


75.5 


0 


0 


24.5 


0 


2.3 


570 




C-22 


86.0 


0 


0 


14.0 


0 


4.2 


550 




C-23 


86.5 


0 


0 


13.5 


0 


4.1 
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x. ? ^> ^(C J; <0 ? n AIS 2 ©x s> ?• > if^VrU *> „ 
[0 0 2 8 ] 13 9 4#M0t, l/^H5^ 

l»*-T-5 C £&c<J: *) , (i+B^7 hvXi'lOO #55(&-f 
£. 

[0 02 9] 

[f£W#ft?&0J:-5£-f&Hlg] 0*>lyft#6, ±Sat^ 
3RRtBtc*»l»"Ctt. JS2©?fr§j®Si52 0©flfJ»Xtt, Sit 

3 £©2JH?f}S£&-?-C<,>.2>„ C©/ctf>CC, >?PAM£ 
ff^-T^fc*©ilSfccfcC>*^©Xgi, S i 0 2 M£ff£ 
f&T & fc#>©^Sfc J; f>*-e OIg«>l £ & S o 
[0030] Jfc, i'PAfiSiO, M©x-y^>^ 

>^&<DMjL.mM*-e;tsmmi)m < & s £ t> ->/c^s* 

[0 03 1 ] 04O£#flSl/-C. {4tB~>7 

xrs (a^Rg) 5 i*^i;fcjs^. ctihvxmzmiE 

[0 03 2 ] i4 0 5#ML.t, ±au/c{4ts 

^7 V-7^i>\ 0 0 *ffl(,>fc»*^ffi{cJ:ntt. tWBS^ 
^ h ^ 1 0 0 ©^ 2 ©?laSffigP2 0 ©^JIW 3 0 5 

oa-4 2 o o km&tmmmi<>$><Dtr£z> a utc& 

^tc®ft*m?&mitMs., m^y hv^i? i o o© 
m 2 ©^assp 2o*at,tfe, bihk: i*mm& 1 
so- f^^nf, {4fflM*i^^ofc^*#-r-ss^ 

[0 03 3 ] t<D?tmt> ±Mm&&ZM8k-?Z>tcibi l c 
©{£^00. jS n D a®©fiitB^7 hvXi>te<fc^©S 

i»:£i££ffi«-r c <t % m m t ? *> . 

[0 03 4] S^tC. C©^«, hvx^^r 
fflc^c^^sfeK:*i^r. ¥^^B©^[@X^K:teW 
5SjWft©?itf5I0. ^O©[6j±*0SC£*Dj 
«g£ Lfc{4ffi->7 h vx^^fflt^cg^S^Sm-r 

[0 03 5 ] 5 C©^HJ«. ikfr>7 \-?*f<D 

x ^ *s«-r ^ c £ ©r-£ -s{atg~>-7 d?M*5<fc i>'-e©t3 
^a^a^-r^c £?rs&tj£-r^ 0 

[0 03 6 ] C©^«^ {£fB5>7 h-v>X£© 

^i*B$©^p-feX©fiS€:0D. Sn D Q W©[4ffl^7 h -7 

f X is J: ti«-r ^ C £ 3r B W £ r -2. . 

[0 0 3 7 3 
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*jw»hjt s» i ©^isggpi . 2a-r 

{ifBfC*tLT 1 8 0' t^L, *>0. jffit^#5~4 0 

[0038] s 6ec#s o < ». ±!33i2 (Dtm&m 

*y ^^yiM Fc^frBjSfcis^y:/-^^ 
•JIM 'F©BMfcSMfc«W>6tt*»J:0a»?Sn* 1«S 

[0 0 3 9 ] 3 ZICBS L < «, ±SB»2 ©:>fei§®g|5© 

ffiia^w. ±tasi2©^iig|j(c^w3n^^st/c« 

[0 040] &fc. C©«WCClS-3t»fcfil[fflJ/7 h 

[0041] £-r, ^7fe^?rjs®-r-s.»«©±(c, sm 

[00421 XK, CCDU^X H^^Xi'il/t, F 
[0 043] 3 e>&Ci?£ L < «. ±f2{4tIv-7 £J«£0 

>^yiM FM<b^©ii#^£;*ft.sx«£^A,-ci> 

So 

[0044] 3 U < «. -hfa^#X©&f&5> 

*SrS»-5^SS^«. T-il/3>**X*57 6%~9 2% 

[0 045] 3 6&Of £ L < ±IB(itB->7 £M£Jfc 

ess ti&xn&d/t/cos . 

[0 046] 3 6fC»* O < ±ia*g£#;*©#fi£# 
SnSfe&ffclSWfl^ffiBW:. T->U:3>:tfX#6 5%~ 
7 9%. mm*J'XW8%~~2 4%. ffig2;X#3%~2 
0%T-*^ o 

[0047]$ 6&c«g l < «. tzm&isyzmzB 

-ffl 7- 



X*5 3 6%~9 7%©ffiHr*>0 . ^9#KS&#X-C* 

x^i^$^r•t,^„ 

[0048] 3 6(C#£ I, < «, ±te&ts^7 

X#48%~9 0%. if*n%-3 9%, ffiK#6% 
~l 4%-c*^?g^**x#Ha*-c, *DA©$Kbgfb 

[0049] $&tc»*o<». ±R®mis7 zmzm 
*#82%~87 %©^H-e* o . gi <o &—m<twm~c 

[005 0] 3 fblcHS L < «. JJEffiffiS'V £J@£JB 

ijS-r-2>xfi«. ^DA©^-y > h^fflc^. t^3*>** 

^7 8%-8 8%, ^*52%~13%. y£>#!8 

[ 0 0 5 1 ] 3 l < ±ia{4ta->7 
ixiau^x n!i*jgfiW-5xgi©ntc^^'» ^ y > 
sxs^^-ct^s. 

[0 0 5 2] L < tt. ±IBflWI»±«*^fiR 

T^xfii*. xiateta^^^K^jfM-r^xfitxfaw 

[0 0 5 3] 3 6tC» $ L < «. ±ffittffl2/7 ^Jg©i 

■9 ^>y*tfa^xett. ^ f^b^st^si©^*' 

[0054] 3 6tc$f $ L/ < «. ±Effiffli'7 ^)8©i 
•^^>^^tf^c i 5'Xfi» > ^{by^U>i^«<t©S^ 

[005 5] 3 0 < ». ±ia(4tl^7 ^M^JK 

XBf&Vtc'&K.. 2 0 0 'C«X©ttI^S* (t & ^ ig 
[005 6] ^tc. c©^ia«:a-^c^c{iitB^-7 

[0 0 5 7] Sr> ^^->0RKe©±CCU^X 

f zm&<D±icBf&2titc±Mmmimtii-r2>m 1 ©3fe 
aagpi. ^^^^^©fcitaiaa^i*^ xia^ 

lCD^&fflzmM-rzmytftoy&micttLx: 180' 

*^>i^si2©^®ii§gp<h?:wrs(affli'7 h>-^-> 
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[0 0 5 8 ] ^tc. coimMicw^tcmsisy zmic 

S©^a®-r-S^^©(4+B(C*fL-Cl 8 0° 

f ©mb«j $ fc »&r ^ y f ©Btf bsa^bwom-© 

[005 9] $/c. L- < B. ±fB#-©t«4B. * 
V ^> -> 'J If 4 F ©IMb** B* <) -f^is ^ y A 

[0060] we. c (DmMic&^tcmu^v zmo 

[006 1 ] if. xa-^ij>^w>t, 
i8o° m&v. *^5%~4 o%©3*££Wu 

t,\ T^3>i^i©ig^^7^#HM4J-C. ^W^r 
>->';-9-'C F^b«J©M*>6&S(4tB->7 jrgtW&i&S 

[0 0 6 2] iff £ b < B. ±§B®^#.X©&I&9- 

#£#>&&»W#*©ffiBB. T^3*>*57 6%~9 2 

[0 0 6 3 ] #CC. C©^H^KS^^c©tBt/r? $18© 

«jt*a©flfe©j^Mtcfei>'rtt. » # y >#m*m 
or. s^*aii-r-s,sffi©*a®±K:. iSM-r^sg 

^©{ifB* 1 8 0° fdftL. #>-?5%~4 0%©jtii 

>R©«J6*i*-c*r>r. tvT-f^'j^^Fof- 

y» T*=f>. ^*5<fct>'^i©il£27X# 

HM^r. -ty TT^^y-yw FM^bafb!»©il*»6J*c 
[0064] $ 6(c. » 2 b < b. _hia^#x©&)?£ 

#©£&£<*iia$>3s©ffiBB. 7)V =f>#6 5%~7 
9%. ^Jft#8%~2 4%. S**S3%~2 0%-C2> 

[0 06 5 ] iKCC. C©»lJFJCca-^l>fcffiffi2x7 £J»© 

i^#£©;*e>teffe©JiffiK::te(,>TB. x^yZv^if 

a^rffl^r. ^^*Mjt-r-5.s«©^ffi±ic. a® 

T£K:5fc3fc©fiffl£ 1 8 0° *>-55%-40% 

m<<\ 7)l<^>&3 6%~9 7%. a^^ss^r-^-sig 

[0066] C©f£?BK:S-3C>fc(iffli'7 £«© 

S^^ft©$6«:ffi©^a(c*jc^r« t z.j*y9y>if 

?SSXX©ttfB£ 1 8 0* ^tfeb. *o5%-4 0% 



fflli. T;l/d r >*54 8%~9 0%. mmtfil%—3 9 
%. S*^6%—1 4%-C*€>ig^'X#H»ct'-C. ^ 

•3A«{bSS<b«i©jR*«e>ttaffifflS'7$«*J3l5i«Sh 

So 

[0 06 7 ] C©^B^{ca-^t^c<4ta^7 £M© 

^^^Sii§-r€»a«©saM-hic. a® 

f -S)S^fc*©{4ffi* 1 8 0° '^tftU *^5%~4 0% 

tn->-7£ m<Dmmxm~e$>-?x. fPA©^-y^h^ 

Tfr^ZsifiS 2%~8 7%. Kfl^St? 
[0 06 8 ] ^C. C©^KS-?<,>fc&f|^7 £18© 

^^aaat-sa®©^a®±tc. iss-rsis^©^ 

418 0° #>-r?5%~4 0%©j8jS33£Wr-5 

9f3ews©a«^7 ^n^ff^Tscstsv-^ £n©«@ 

-ft&.-ci> or. *pa©£— h£ffl<,>. r;u=f>*5 

7 8%~8 8%. K5g*52%~13%, p<^>*58%~ 
[0 06 9] ^C. C©%a^(cB-3C^c{41=a^7 

r&«36*©tttaiaauii4**. ±taa«©^*MM-r 

5S«©fiWttl 8 0° SSfcU 3Sffi* 
*55%-4 0%-C&«3. #d->'>l-y--f K©BMbft*A:B 

y -y ^ b'<DMim<t i m<Dm-<Dttmfrtijtm2 n 

[0 0 7 0 ] $f a O < B. ±IB{4ta>'7 h ^ 

ffl/7>^xB, ±ib»«©±k:. ^y^I*?,^ 
4flf «S±K* 3 6 K Mx. r t> h . 
[00 7 1 ]Jfc. JfSKIJ. ±IB^-©ttf4B. * 

y ^'•r : > ->'Jif^f F <om\M£ fcBt y ^f»>s/ y v A 

[007 2] * fc. »i L- < B. ±fB<4+§'>7 h 7X ^ 
ffl^^>^^B. ±IBa«©±{C. ^aA^6^£-5^ 
mKSltJK^^ 6tc<f^r(,^ 0 

[0 07 3] £/c. L < B. ±IBfiiffl^7 h -7X t> 
ffl7^>fXB. ±!B««©±tC. U^hg?r3e»CC 

[0 07 4] ^tC. C©^|gtc4>i^l^c(4*S->7 h-7 

^^ffl^7>^x©^^«:*j(,>rB. ^/t»*y> 

Z>mit1c<Dm%* 1 8 0° gEJSsl/. ^5%~4 0 
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m^y v vx^ffl^>^x©i3j§:£)£-c£>-?T> 

^l^DIM F©ffll>, 7Jl/=i*><t:^£©jg£:tfX 

[0 07 5 ] gtc&t h < W, XfSil^tfX©^^ 
£<6£ft«ll£-$©ffiH«. TJW=f>*57 6%~9 2% 

[0076] ;xtc. c<D&mic&~3i.>ttm.iats7 v-?* 

±cc. aar*«**©tt*H*i so* se*u *^5 
%~4 o«©aii*?fewr*Bf5e»3©fii[*B^ 

>^ y-y-f F^b^b^i©M^6^^{4tB'>7 *gbwis 

[0077] * fc*f 3: 0 < «\ ±IB?g^:tfX©&Jifc53-# 
iS»4tW*H#¥©«SHtt. T;I/3>^6 5%~7 9 
%> ^8%~24%, 3***3 %~2 0 

[0 07 8 ] 9HC> C©#£HJK»^(,>fc{£*Bi-'7 hvx 

^ffl^>^x©M^ffi©3 e>(cffe©^®tcfct,^r 

©XSlBXtc. ^T&lS^O&tBSrl 8 0' ^ 
U *vo5%~4 0%©j§M*£WT£F?r/£;i;?©{£1 : B 

3 6%-97%, ^9#&3Rr&£Sl^:tfX#B§WJ 

■c. * a Aitf e> ft h m Bis y * m&Bi&2 ti 

[0 07 9] C©»H^«:S-^(,»/c[atB'>7 h vx 

©xaffixcc, a®-r-s^^©{4tg^ i8o- 

u ^o5%~4o%©jgjs^w-rsff3e^3©a*a 

4 8%-9 0%, SI*5 1%-3 9%. g|&&*6%~ 1 
4%-c*^,^*'x#fflm4'r- > Zuj,mitWitM(om 

[008 0] -X<£. C©^BJ«:S^^c{4ffi->7 hvx 
^ffl^7>^x©ijj&^ft©^ «=>tcffe©^ffi«:*Ji^r 
«. x-K?£',i>y&£ffl<,>-c. S«*lWI>iS 
©£Stffi±tc. 2®^SS7^:©{4tB?rl 8 0* ^ 

8 2%-87% < »9#-|^t:S3?T-£>.2>jg^:tfX#B 



[oo8i] ^ctc. c<DmmM"H^tcm^y hvx 
*ffl:/7>^x©s?j»:fr£©;s 6icftk©^S{cfci^r 

©xsibxk, ajg-rs^^©[4ts*i so 1 ^ 

~>y zm&m-r&m^y hvx^^^f x©igg 

7 8%~8 8%. M*#2%~1 3%. ^2>^8%~ 
l 0%©ig^x#HM4Jr\ *aAgHUHUK<HlK!> 

[0 08 2 ] 

«fct«-©«aKFffi* (ita^? F-7Xi7£m>fcfi:>Uj 

titBvx h^x^ffl^^xfc^o^cSSffi^ft 
(cifttf, ^2©7tailgq/&^-M^©^©^^6^ 

[008 3] t/c, ft*B~>7 £©S£«XfI{Cfcl,>-ttt. 

ig^%a®-r^s«©±ic. x'*vZ')>?m%m^ 
yy&irtesctici:*). m 2 (Ditmmsummmf ft 

t>tl2>. 

[008 4] CtitCj: <0 . S£*©X^- £ 'J >^g^r 
tfeift-S. 

[00853 -e©^*, se^cit^r . zoym&iMtt 
am^y zmmmTM*>£vm&sy *k©x - y ^> 
^xgA5-en-em @-c«r*. ^pg©^-rsfit*fccfc 

4««BjtBiJtt»3. i»fiH©ttffli/7 Y-7^y^mmri> 

[0086] $/c. ^Rggp^-©«iEfe. m2<Ditw&m 

[0 08 7 ] xk.. c<D^mtcm^tcm^y h-^x 
*4©M*>6ife^&tBV7 hvx^^rffltsrc^,, ctitc 

<fc0. m2©^jgMg(5©Milt* 1 500A-20 0 0A 
^©^^{c*furt. 18 0' CDfifflM^i^C 

(DytmMU&mM l fc«©^*©(atB^^^— t & 

fe*. **A«iB©|«SlgK:*jW**a»)©lSl±*H 
[008 8] 
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[0089] $-r. ii^iur, ccDmmmioot.i 
zmuisy v-7^f(Dm^^xmmti>. corns 

isy b vx ? 2 0 0 «. SaTBfe^jgig-r-SS^S® 1 

3 o «. Buias^as i i ©cassis i o 

jgjtSBl 0£jgffiTSII*7fc©{ifBK:*fL.T 18 0°^ 
81 U #>-o, jg®^5~4 0%-C*)0. ©tm*> 

[0090]«K, E92 (a), (b), (c)£#M 

or, ±mm^ t )fj:?>ms^y v?xt> 2 0 o^m® 

[009 1 ] 02 (a)^#ilt, ±MLtcm8is7 
hvxi7 2 0 O(D»fa0-Ci)S o 02 (b) *#ML 

#s#-ro£&&. £-o-c, 02 (c) *#Baur, S3t 

^£->©7&Sji§g|n OiGLtB^^SMi©^*^ 
&t*JW£1ii§©M#i+#£ &9 riat,>ft?#>fi£f#-2> CiAS 

[0 0 9 2 ] CCT, ^2©^®gfl4©aa* ; &5~ 

4 0%ilfcOtt l fi£*^jirat»{C, jgiHgtCfc-oT 

t^x h Bi<^ift»c!>n««»e u WW? * tea 

[0 093] 02©HSSWI<bbT±IB{ifflV^ h 

7X52 0 OWSSffi^fiBc-^T, ftffii'^ISiLT 

-t y ^7= > >">» -9- ^ K ®tf fc^£ 'j ^ > ^ -9- a 

[0 094] 03~06«. 0 1 

[0095] st> m3zmmux:, 53?««i©± 

±tc(4ffi'>^^K4^ffM5n/c4>©^(4tBV7 l-vx 
[0096]f©S. C©{itB->7£ja4©i§i§*£$ 

5e3#s ^ •;->:*-:/>& £-£^(,^2 0 0 

[0 09 7 ] cntcj;!?. ^tttf^vfrgtofifcgtOU 
-^X h^-7'a-feX%i'©Jl]|giiaa (#Jl 8 0°C) tC<fc 
&2it^©^» ( 0 . 5 ~ 1 . 0 %) *ffi±lr*> ztfr 

[009 8] ;xtc. c©flrfB->7 £JS4©±tc. l^t: 
-AfflU-^H5 (B*^>SZEP-8 10S 

ot§ig«) ) Kt'zmmm 000 at^t*. -e© 

-m 



v-4- mitmitmimn&zmote^tcib, n^t--A 

«:J;^S^;B#©^?rl%jJ:-rS/cJt>K > 
(BSfflHISg x^- 9-10 0 (SUM) ) 

[0099]^. 04£#ffSb-C, ttT-tf-AjflUJ? 

i&£-r£„ ^-©ft. i-^x m§ 5 ^gifgrr detect 

[0 l 0 0 ] ifctc. 05^#MbT, ±iBU>=X HM5 

5„ C©i#©i^^>^g». WWIORF^ 
t>i^>^81», «&£KI8JHiff& 6 0 m 
nu VmmtJO. 3Torr. JSltotfxCF, + 0, £ 
fflnr-€-n-€ t *a©iSfi?:9 5 s c cmfcit/B seem 

[OlOllftK. H6*#JHLT. U-^H5?:i 
X^^fST-So 

[ o i o 2 ] ^ic ji^ofcx^N- v z <j>s?m*m^tc 

jfi^*55~4 0%©eHrtT-&-5C£> *3J;0*^^© 
<41=B?rl8 0" ^3ti:^c:£3!)5S3jc3n.Sc 
[0 10 3] .tor, Ctlh<D3kft*mtc?&tLX, 

^mmmtcio^x^mLtc^^ic. * >j frisky 

[0 10 4] 07^#P.U-C, ±ie^O^T^> 

[0 1 0 5 ] 17K^-rx^? 5? U>^g(*. DCv 

nha>xA'^i;> ygg 500 (omm^m-rn^ 
0-c*^, o 

[0 10 6] CODC7W-o>^-;$iJ>ygl 
5 0 0B, M^mS 0 6©F«9g|5K:. $-y^5 07 
7^*s> h 50 8 £^6^-5>-7^^ha>i7V-F 

5 o 9*5^c^6nrt^ 0 

[0107] i/c. ^-y^ h 5 0 7&C. H^fS©^^ 
Pir-c^^jbrry- K5 l o^Easn. c©r^- 

K5 10©^-^'? F5O70^I*]I±(C, 

2. 3 mm/55, 1 2 7 mmftOS^SS 1 n 

[0108] gf«@5 1 2fcO:C>'**X^A^5 

i 3#Ji£ii5 o 6©^©{4g{c^we>n-ci^-5> 0 jr 

U-V-f F*ffll*. fSBB#©±l25^S« 1 ©SS«. 0 
^l/^cl^t-^*iJ:cx?aS^jai^g«:J:0. 6 0°C~l 
5 0'C«:«^$nrci-5„ 

[0 l o 9 3 cwi^^egtefc^r. ^'x^A'BS l 

10- 
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fBuc&amEE&imz. 

CO 1 10] *HJ6««:*5l>T:tt. cvmBis? zm<D 

[oi i i ] au«. ±fax^.*=&fr©TT\ ii^*? 

H5 0 6|*J©)I;*J, it^aSfcJcO'fiS^^TfeO-C* 
0. y-XM- l—M-7. M- 1 4~M- 1 5«*U 



[0112] ifcfc. i2^4«, IttiOtffil^ 
ft£K r F U-lf ( A = 2 4 8 nm) . ii(A^36 
5 nm) tojzzfsm ( A = 4 3 6 nm) tt*f-r£#^- 
*Ccfctt5j&t^. 7fr¥3£ifc (n- i • k) Onlik 
fflteJ:Cfta[«* 18 0° ^3-&?)fc»©Mild 5 £^ 

[0 113] ±l2^2~^4 4iK:*J^'r. M*d 5 tt> 

d 5 = A/2 (n- 1 ) - (2) 

(DrnmntT'ittb & c t * & . 

[0 1 14] 

mi) 











mm | 




% 


x10' 3 








Ar 


02 


N2 


Torr 


A/min 




M-1 


72.6 


23.8 


3.6 


2.0 


709 




M-2 


77.1 


18.3 


4.6 


2.0 


645 




M-3 


72.1 


6.6 


19.3 


2.0 


600 




M-4 


68.6 


7.9 


23.5 


2.1 


525 


MoSi 


M-5 


61.4 


7.0 


31.6 


2.1 


486 




M-6 


57.4 


13.1 


29.5 


2.2 


522 




M-7 


65.4 


17.8 


16.8 


2.0 


578 




M-8 


795 


20.5 


0 


2.0 


635 




M-9 


73.3 


26.7 


0 


2.0 


600 




M-10 


78.8 


21 .2 


0 


2.6 


225 


MoSi 


M-11 


81.1 


18.9 


0 


2.6 


632 




M-1 2 


82.3 


17.7 


0 


2.6 


650 




M-1 3 


83.5 


16.5 


0 


2.6 


754 




M-1 4 


73.4 


14.9 


11.7 


3.0 


702 


MoSi 


M-1 5 


79.0 


16.8 


4.2 


2.8 


750 




M-1 6 


76.0 


24.0 


0 


2.6 


830 


MoSi 


M-1 7 


92.0 


8.0 


0 


5.5 


487 





[0115] 
[*2] 



-tfi 11- 
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KrFU-¥- (>&fe248nm> 








Ho 2480 




% 


n 


k 


A 


M-1 


5.22 


1.195 


0.409 


1355 


M-2 


3.59 


1.860 


0.437 


1442 


M-3 


2.92 


1.986 


0.530 


1258 


M-4 


0.69 


2.14 


0.868 


1088 


M-5 


0.74 


2.09 


0.821 


1137 


M-6 


1.8 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused t>y the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the structure and its manufacture approach of 
a phase shift mask of the attenuation mold which attenuates the light of exposure wavelength about a 
phase shift mask. 
[0002] 

[Description of the Prior Art] In recent years, there is that of a **** better potato in the high integration 
and detailed-izing in a semiconductor integrated circuit. In connection with it, detailed-ization of the 
circuit pattern formed on a semi-conductor substrate (a wafer is only called hereafter) is also progressing 
quickly. 

[0003] Especially, a photolithography technique is just going to be recognized widely as a basic 
technique in pattern formation. Therefore, various development and amelioration have been made by 
today. However, detailed-ization of a pattern carries out the place at which it stops, and is becoming 
what also has the still stronger demand to **** and the improvement in resolution of a pattern. 
[0004] Resolution limit R (nm) in the photolithography technique generally using the contraction 
exposure approach is R=kl and lambda/(NA). — (1) 

It is expressed. Here, the wavelength (nm) of the light which lambda uses, and NA are the numerical 
aperture of a lens, and kl . It is a constant depending on a resist process. 

[0005] It is kl in order to aim at improvement in the resolution limit, as shown in an upper type. What is 
necessary is to make the value with lambda small and just to enlarge the value of NA. That is, what is 
necessary is just to advance short-wavelength-izing and high NA-ization, while making the constant 
depending on a resist process small. 

[0006] However, amelioration of the light source or a lens is technically difficult, and by advancing 
short-wavelength-izing and high NA-ization, the depth of focus delta of light (lambda [ delta=k 2 
and ]/2) becomes shallow, and it also produces the problem of causing the fall of resolution on the 
contrary. 

[0007] Here, with reference to drawing 3 1 (a), (b), and (c), the mask cross section when using the 
conventional photo mask, the electric field on a mask, and the optical reinforcement on a wafer are 
explained. 

[0008] First, the structure of a mask cross section is explained with reference to drawing 3 1 (a). On the 
glass substrate 1, the metal mask pattern 2 which consists of chromium etc. is formed. 
[0009] Next, with reference to drawing 31 (b), the electric field on a mask turn into electric field which 
met the mask pattern. However, in the imprint of a detailed pattern, with reference to drawing 3 1 (c), the 
light which penetrated the mask in the ******** pattern image will suit the optical reinforcement on a 
wafer in slight strength mutually in the part which light overlaps according to the diffraction phenomena 
and cross protection of light. Consequently, the difference of the optical reinforcement on a wafer 
became small, and there was a trouble that resolution fell. 

[0010] As a photo mask which solves this, the phase shift exposing method with a phase shift mask is 
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proposed by JP,57-62052,A and JP,58-173744,A. 

[001 1] Here, with reference to drawing 32 (a), (b), and (c), the phase shift exposing method with the 
phase shift mask indicated by JP,58-173744,A is explained. 

[0012] Drawing 32 (a) shows the cross section of a phase shift mask. Drawing 32 (b) shows the electric 
field on a mask. As for drawing 32 (c), the optical reinforcement on a wafer is shown. 
[0013] First, with reference to drawing 32 (a), the phase shift mask is formed in opening of the 
chromium mask pattern 2 formed on the glass substrate 1 by forming the phase shifter 6 which consists 
of transparence insulator layers, such as silicon oxide, alternately. 

[0014] Next, with reference to drawing 32 (b), that phase is reversed 180 degrees by turns, and the 
electric field on the mask by the light which penetrated this phase shift mask are constituted. Therefore, 
in a ******** pattern image, the phase of the overlapping light reverses the light which penetrated the 
phase shift mask. 

[0015] Therefore, according to the cross protection of light, in the part which light overlaps, it will deny 
mutually and will suit; Consequently, as shown in drawing 32 (c), the difference of the optical 
reinforcement on a wafer becomes possible [ aiming at improvement in a next door and resolution 
enough ]. 

[0016] However, to periodic patterns, such as Rhine - and - tooth space, although it was very effective, 
when a pattern was complicated, arrangement of a phase shifter etc. became very difficult, and the 
above-mentioned phase shift mask had the trouble that it could not set to the pattern of arbitration. 
[0017] Then, in "J JAP Series5 Proc.of 1991 Intern.MicroProcess Conference pp.3-9" and "JP,4- 
136854,A", the phase shift mask of an attenuation mold is indicated as a phase shift mask which solves 
the above-mentioned trouble further. Hereafter, the phase shift mask of the attenuation mold indicated 
by JP,4-136854,A is explained. 

[0018] It is drawing in which drawing 33 (a) shows the sectional view of the phase shift mask of the 
above-mentioned attenuation mold with reference to drawing 33 . Drawing 33 (b) is drawing showing 
the electric field on a mask. Drawing 33 (c) is drawing showing the optical reinforcement on a wafer. 
[0019] Drawing 33 (a) is referred to. First, the structure of the phase shift mask 100 The quartz substrate 
1 which penetrates exposure light, and the 1st light transmission section 10 which was formed on the 
main front face of this quartz substrate 1 and which exposes the above-mentioned main front face, It has 
the phase shift pattern 30 which has a predetermined exposure pattern containing the 2nd light 
transmission section 20 which changes 1 80 degrees of phases of the exposure light to penetrate to the 
phase of the exposure light which penetrates said 1st light transmission section 10. 
[0020] Moreover, permeability [ as opposed to exposure light in the 2nd light transmission section 20 
mentioned above ] has two-layer structure of 5 - 40% of chromium layer 2, and the shifter layer 3 from 
which phase contrast with the transmitted light becomes 180 degrees. 

[0021] The electric field on the mask of the exposure light which passes the phase shift mask 100 which 
consists of the above-mentioned structure come to be shown in drawing 33 (b). Therefore, as shown in 
drawing 33 (c), a phase reverses the optical reinforcement on a wafer with the edge of an exposure 
pattern. 

[0022] Therefore, as the optical reinforcement in the edge of an exposure pattern shows in drawing, it is 
surely set to 0, and the difference of the electric field of the light transmission section 10 of an exposure 
pattern and the phase-shifter section 20 becomes possible [ obtaining a next door and high resolution 
enough ]. 

[0023] In addition, the permeability to the exposure light of the 2nd light transmission section 20 
mentioned above was made into 5 - 40% for permeability adjusting the thickness after the development 
of the resist film as [ show / in drawing 34 ], in order to consider as proper light exposure in lithography. 

[0024] Next, the manufacture approach of the above-mentioned phase shift mask 100 is explained. 
Drawing 35 - drawing 39 are cross-section structural drawings showing the production process 
according to the cross section of the phase shift mask 100 shown in drawing 33 . 

[0025] First, with reference to drawing 35 , the permeability to exposure light forms the chromium film 
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2 which is about 50-200A of thickness 5 to 40% on a glass substrate 1. Then, Si02 which has that of 
about 3000-4000 A of thickness which 180 degrees of phases of the exposure light penetrated on this 
chromium film 2 change The film 3 is formed. Then, this Si(D2 On the film 3, the resist film 5 for 
electron beams is formed. 

[0026] Next, with reference to drawing 36 , the resist film 5 which has a desired pattern is formed in the 
predetermined part of the resist film 5 for electron beams by exposing and developing an electron beam. 
[0027] Next, with reference to drawing 37 , it is CHF3, using the resist film 5 as a mask. The gas of a 
system is used and it is Si02. The film is etched. Then, drawing 38 is referred to and they are the resist 
film 5 and Si02 </SUB> again. The chromium film 2 is etched by wet etching by using the film 3 as a 
mask. 

[0028] Next, with reference to drawing 39 , the phase shift mask 100 is completed by removing the 

resist film 5. 

[0029] 

[Problem(s) to be Solved by the Invention] However, it is Si02 which controls the chromium film 2 
with which the configuration of the 2nd light transmission section 20 controls permeability in the above- 
mentioned conventional technique, and phase contrast. It has two-layer structure with the film 3. For this 
reason, the equipment for forming the chromium film and its process, and the equipment for forming 
Si02 film and its process are needed. 

[0030] Moreover, the chromium film and Si02 Since it must etch using a respectively separate etching 
agent at the time of membranous etching, therefore a process serves as many processes, it has the trouble 
that the probability for a defect to occur, and a probability including the processing error of a pattern 
dimension become high. 

[0031] Moreover, when the remaining defect (black defect) 50 and the pinhole defect (white defect) 51 
arise to the pattern of a phase shift mask with reference to drawing 40 , in order to correct these defects, 
it is the chromium film and Si02. The correction approach which can be adapted for each film with the 
film is needed. Therefore, there was also a trouble that the conventional correction approach could not 
be used. 

[0032] Furthermore, according to the exposure approach using the phase shift mask 100 mentioned 
above with reference to drawing 40 , the thickness of the 2nd light transmission section 20 of the phase 
shift mask 100 becomes 3050A - about 4200A and a comparatively thick thing. Therefore, even if the 
exposure light which has the component which inclined as shown in drawing among the exposure light 
from the exposure light source penetrated the 2nd light transmission section 20 of the phase shift mask 
100, 180 degrees of phase contrast were not changed certainly, but it had the trouble that the exposure 
light which has the component from which phase contrast differed will arise. 

[0033] This invention was made in order to solve the above-mentioned trouble, it aims at reduction of 
the process at the time of manufacture of a phase shift mask, and aims at offering the phase shift mask 
and its manufacture approach of high quality. 

[0034] Furthermore, this invention aims at offering the exposure approach using the phase shift mask 
which made it possible to aim at an improvement of the poor exposure in the production process of a 
semiconductor device, and to aim at improvement in the yield in the exposure approach which used the 
phase shift mask. 
[0035] 

[Means for Solving the Problem] In one aspect of affairs of a phase shift mask based on this invention, it 
has the substrate which penetrates exposure light, and the phase shift pattern formed on the main front 
face of this substrate. Moreover, 180 degrees is changed to the phase of the exposure light in which the 
1st light transmission section to which the above-mentioned substrate exposes the above-mentioned 
phase shift pattern, and the phase and permeability of the exposure light to penetrate penetrate the light 
transmission section of the above 1st, and permeability is 5 - 40% and it has the 2nd light transmission 
section which consists of a single ingredient. 

[0036] The light transmission section of the above 2nd consists of one kind of ingredients chosen from 
the group which consists of a metaled oxide, a metaled oxidation nitride, an oxide of metal silicide, and 
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an oxidation nitride of metal silicide still more preferably. 

[0037] The light transmission section of the above 2nd consists of one kind of ingredients chosen from 
the group which consists of the oxide of chromium, the oxidization nitride of chromium, the oxidization 
nitriding carbide of chromium, oxide of molybdenum silicide, and an oxidization nitride of molybdenum 
silicide still more preferably. 

[0038] Still more preferably, the permeability of the light transmission section of the above 2nd is 
controlled by the oxygen or nitrogen contained in the light transmission section of the above 2nd, and 
phase contrast is controlled by thickness. 

[0039] Next, in the manufacture approach of a phase shift mask based on this invention, it has the 
following processes. 

[0040] First, the phase-shifter film of the predetermined thickness which changes 180 degrees of phases 
of the exposure light to penetrate, and has 5 - 40% of permeability is formed on the substrate which 
penetrates exposure light using the sputtering method. Then, the resist film which has a predetermined 
pattern is formed on this phase-shifter film. 

[0041] Next, by using this resist film as a mask, etching of the above-mentioned phase-shifter film is 
performed by the dry etching method, and the 2nd light transmission section which consists of the 1st 
light transmission section and said phase-shifter film which the above-mentioned substrate comes to 
expose is formed. 

[0042] The process which forms the above-mentioned phase-shifter film includes still more preferably 
the process in which the film of a molybdenum silicide oxide is formed in the mixed-gas ambient 
atmosphere of an argon and oxygen using the target of molybdenum silicide. 
[0043] Still more preferably, argon gas is 65 - 92% of range, and the remainder of the volume 
percentage which each component of the above-mentioned mixed gas occupies is oxygen gas. 
[0044] The process which forms the above-mentioned phase-shifter film includes still more preferably 
the process in which the film of a molybdenum silicide oxidation nitride is formed in the mixed-gas 
ambient atmosphere of argon gas, oxygen gas, and nitrogen gas using the target of molybdenum silicide. 

[0045] For argon gas, oxygen gas is [ the nitrogen gas of the range of the volume percentage which 
occupies each component of the above-mentioned mixed gas ] 3 - 20% 8 to 24% 65 to 79% still more 
preferably. 

[0046] The process which forms the above-mentioned phase-shifter film includes still more preferably 
the process in which the film of a chromic-acid ghost is formed in the mixed-gas ambient atmosphere of 
an argon and oxygen using the target of chromium. 

[0047] Still more preferably, argon gas is 36 - 97% of range, and the remainder of the range of volume 
percentage which each component of the above-mentioned mixed gas occupies is oxygen gas. 
[0048] The process which forms the above-mentioned phase-shifter film includes still more preferably 
the process in which the film of the oxidation nitride of chromium is formed in the mixed-gas ambient 
atmosphere of an argon, oxygen, and nitrogen using the target of chromium. 

[0049] For argon gas, oxygen is [ the nitrogen of the range of volume percentage which each component 
of the above-mentioned mixed gas occupies ] 6 - 14% 1 to 39% 48 to 90% still more preferably. 
[0050] The process which forms the above-mentioned phase-shifter film includes still more preferably 
the process in which the film of a chromic-acid-ized nitride is formed in the mixed-gas ambient 
atmosphere of an argon and a nitrogen monoxide using the target of chromium. 

[0051] Still more preferably, argon gas is 82 - 87% of range, and the remainder of the range of volume 
percentage which each component of the above-mentioned mixed gas occupies is a nitrogen monoxide. 
[0052] The process which forms the above-mentioned phase-shifter film includes still more preferably 
the process in which the film of chromic-acid-ized nitriding carbide is formed in the mixed-gas ambient 
atmosphere of an argon, oxygen, and methane using the target of chromium. 

[0053] For argon gas, oxygen is [ the range of volume percentage which each component of the above- 
mentioned mixed gas occupies / methane ] 8 - 10% 2% to 13% 78 to 88% still more preferably. 
[0054] The process in which the antistatic film is formed is included in the process which forms the 
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above-mentioned phase shift mask still more preferably. 

[0055] The molybdenum film is formed by the sputtering method still more preferably between the 
process in which the process which forms the above-mentioned antistatic film forms the above- 
mentioned phase-shifter film, and the process which forms the above-mentioned resist film. 
[0056] The chromium film is formed by the sputtering method still more preferably between the process 
in which the process which forms the above-mentioned antistatic film forms the above-mentioned 
phase-shifter film, and the process which forms the above-mentioned resist film. 

[0057] The process which etches the above-mentioned phase-shifter film is performed by the dry etching 
method still more preferably using mixed gas with carbon fluoride and oxygen. 

[0058] The process which etches the above-mentioned phase-shifter film is performed by the dry etching 
method still more preferably using one kind of gas chosen from the group which consists of the mixed 
gas of a methylene chloride and oxygen, mixed gas of chlorine and oxygen, and chlorine gas. 
[0059] Still more preferably, the process which forms the above-mentioned phase-shifter film includes 
the process which performs heat-treatment of 200 degrees C or more, after forming the phase-shifter 
film using the sputtering method. 

[0060] Next, in the exposure approach using the phase shift mask based on this invention, it has the 
following processes. 

[0061] First, the resist film is applied on a pattern formation layer. Then, the 1st light transmission 
section to which the above-mentioned substrate formed on the substrate which penetrates exposure light 
exposes the above-mentioned resist film, The phase and permeability of the exposure light to penetrate 
change 180 degrees to the phase of the exposure light which penetrates the light transmission section of 
the above 1st. And it has the process exposed using the phase shift mask which permeability is 5 - 40% 
and was equipped with the phase shift pattern which has the 2nd light transmission section which 
consists of a single ingredient. 
[0062] 

[Function] As mentioned above, according to the phase shift mask based on this invention, and its 
manufacture approach, the 2nd light transmission section consists of only film of a single ingredient. 
[0063] Moreover, in the production process of a phase shifter, formation of the 2nd light transmission 
section is performed by using the sputtering method, forming the film of a predetermined single 
ingredient on the substrate which penetrates exposure light, and performing predetermined etching after 
that. 

[0064] This becomes it is possible to form the phase-shifter section using the conventional sputtering 
system, and possible to etch the phase- shifter section by using a single etching agent also in an etching 
process. 

[0065] Consequently, compared with the former, it becomes possible for the formation process of the 
phase-shifter film and the etching process of the phase-shifter film to reduce the probability for the 
probability to be managed at once, respectively and for a defect to occur, and the processing error of a 
pattern dimension to arise of the production process, and it becomes possible [ offering the phase shift 
mask of high quality ] . 

[0066] Moreover, since the 2nd light transmission section is the film of a single ingredient, correction of 
a defective part can also use the conventional approach and can be performed easily. 
[0067] Next, according to the exposure approach using the phase shift mask based on this invention, the 
1st light transmission section uses the phase shift mask which consists of film of a single ingredient. 
Thereby, the thickness of the 2nd light transmission section can be thinly formed with 1500A - about 
2000A, and it becomes possible to give 1 80-degree phase contrast also to the exposure light of the 
slanting component contained in exposure light. Therefore, the phase contrast of the exposure light after 
penetrating the 2nd light transmission section of a phase shift mask becomes uniform, and it becomes 
possible to prevent generating of poor exposure. Consequently, it becomes possible to aim at 
improvement in the yield in the production process of a semiconductor device. 
[0068] 

[Example] Hereafter, the 1st example based on this invention is explained. 
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[0069] First, with reference to drawing 1 , the structure of the phase shift mask in this example is 
explained. This phase shift mask 200 is equipped with the quartz substrate 1 which penetrates exposure 
light, and the phase shift pattern 30 formed on the main front face of this quartz substrate 1. 180 degrees 
of this phase shift pattern 30 are changed to the phase of the exposure light in which the 1st light 
transmission section 10 which said quartz substrate 1 exposes, and the phase and permeability of the 
exposure light to penetrate penetrate the light transmission section 10 of the above 1st, and permeability 
is 5 - 40% and it consists of the 2nd light transmission section 4 which consists of a single ingredient. 
[0070] Next, with reference to drawing 2 (a), (b), and (c), the electric field on the mask of the exposure 
light which passes the phase shift mask 200 which consists of the above-mentioned structure, and the 
optical reinforcement on a wafer are explained. 

[0071] It is the sectional view of the phase shift mask 200 mentioned above with reference to drawing 2 
(a). Since the phase has reversed the electric field on a mask with the edge of an exposure pattern with 
reference to drawing 2 (b), the electric field in the edge section of an exposure pattern are surely set to 0. 
Therefore, drawing 2 (c) is referred to and it becomes possible for the difference of the electric field on 
the wafer of the light transmission section 10 of an exposure pattern and the phase-shifter section 4 to 
become enough, and to obtain high resolution. 

[0072] Here, transmission of the 2nd light transmission section 4 was made into 5 - 40% for adjusting 
the thickness after the development of the resist film and considering as proper light exposure in 
lithography like the conventional technique, with transmission. 

[0073] Next, the case where a molybdenum silicide oxide film or a molybdenum silicide oxidation 
nitride is used as phase- shifter film about the manufacture approach of the above-mentioned phase shift 
mask 200 as the 2nd example is explained. 

[0074] Drawing 3 - drawing 6 are cross-section structural drawings showing the production process 
according to the cross section of the phase shift mask 200 shown in drawing 1 . 

[0075] First, with reference to drawing 3 , on the quartz substrate 1, the sputtering method is used and 
the phase-shifter film 4 which consists of a molybdenum silicide oxide film or a molybdenum silicide 
oxidation nitride is formed. 

[0076] Then, in order to stabilize the transmission of this phase-shifter film 4, clean oven etc. is used 
and heat-treatment of 200 degrees C or more is performed. 

[0077] Thereby, fluctuation (0.5 - 1.0%) of the permeability by heat-treatment (about 180 degrees C) of 
the resist spreading process of membrane formation of the phase-shifter film etc. can be prevented 
conventionally. 

[0078] Next, the resist film 5 (Nippon Zeon ZEP- 810 S (trademark)) for electron beams etc. is formed 
about 5000A of thickness on this phase-shifter film 4. Then, a molybdenum silicide oxide film or a 
molybdenum silicide oxidization nitride forms about 100A of antistatic film 6 (Showa Denko S PESA 
100 (trademark)) etc., in order to prevent electrification at the time of exposure by the electron beam, 
since it does not have conductivity. 

[0079] Next, with reference to drawing 4 , an electron beam is exposed on the resist film 5 for electron 
beams, and the antistatic film 6 is removed by rinsing on it. Then, the resist film 5 which has a 
predetermined resist pattern is formed by developing the resist film 5. 

[0080] Next, with reference to drawing 5 , the phase-shifter film 4 is etched by using the above- 
mentioned resist film 5 as a mask. RF ion etching equipment of an parallel monotonous mold is used for 
the etching system at this time, and it is the distance between electrode substrates 60mm, working- 
pressure 0.3Torr, and reactant gas CF4+02 It uses, and 95sccm(s) and 5sccm(s) perform each flow rate, 
and it etches by etching time about 1 1 minutes. 

[0081] Next, the resist film 5 is removed with reference to drawing 6 . By the above, the phase shift 
mask in this example is completed. 

[0082] Next, formation of the phase-shifter film using the sputtering method mentioned above is 
explained in full detail below. It is required that it is within the limits whose permeability to exposure 
light is 5 - 40% first as conditions required of the phase-shifter film, and that 180 degrees of phases of 
exposure light should be transformed. 
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[0083] Therefore, as mentioned above in this example as film which fulfills these conditions, the film 
which consists of molybdenum silicide oxide and a molybdenum silicide oxidation nitride was used. 
[0084] First, with reference to drawing 7 , the sputtering system for forming the above-mentioned film is 
explained. 

[0085] The sputtering system shown in drawing 7 is the schematic diagram showing the configuration of 
the DC magnetron sputtering system 500. 

[0086] The magnetron cathode 509 with which this DC magnetron sputtering system 500 becomes the 
interior of the vacuum tub 506 from a target 507 and a magnet 508 is formed. 

[0087] Moreover, a predetermined distance is separated at a target 507, it is countered, an anode 510 is 
arranged, and the quartz substrate 1 of 2.3mm thickness and 127mm angle is arranged on the opposed 
face of the target 507 of this anode 510. 

[0088] Furthermore, an exhaust pipe 512 and the gas installation tubing 513 are formed in the position 
of the vacuum tub 506. The temperature of the above-mentioned quartz substrate 1 at the time of 
membrane formation is held at 60 degrees C 150 degrees C by the heater and temperature controller 
which are not illustrated at the time of membranous formation, using molybdenum silicide as a target. 
[0089] In such a condition, the mixed gas of the argon as sputtering gas, and the oxygen as reactant gas 
and nitrogen is introduced at a predetermined rate from the gas installation tubing 513, the pressure in 
the vacuum layer 506 is held to a predetermined value, and direct current voltage is applied between two 
electrodes. 

[0090] In this example, the phase-shifter film which consists of molybdenum silicide oxide of various 
cases and a molybdenum silicide oxidation nitride was formed in membrane formation of this phase- 
shifter film. 

[0091] Table 1 shows the pressure, the rate of sedimentation, and membraneous quality in the vacuum 
layer 506 in each case at the time of setting up various flow rate of mixed gas under the above- 
mentioned spatter conditions, a case M-l to M-7 and M-14 to M-l 5 are the phase-shifter film of a 
molybdenum silicide oxidation nitride, and a case M-8 to M-l 3 and M-l 6 to M-l 7 are the phase-shifter 
film of a molybdenum silicide oxide. 

[0092] Moreover, Table 2 - 4 is the thickness dS for transforming 180 degrees of the permeability, the n 
value of an optical constant (n-i-k) and k value, and the phases in each case over the krF laser (lambda= 
248nm), i line (lambda= 365nm), and g line (lambda= 436nm) which are used as an exposure light. It is 
the shown graph. 

[0093] It sets all over above-mentioned Table 2-4, and is Thickness dS. dS [ from the wavelength 

lambda of exposure light, and the n value of an optical constant ] =lambda/2 (n-1) — (2) 

It can do [ asking by ********, or ]. 

[0094] 

[Table 1] 
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[0095] 
[Table 2] 
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[0096] 
[Table 3] 
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[0097] 
[Table 4] 
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[0098] Next, drawing 8 thru/or drawing 10 express with a graph the data of each case shown in Table 2 
thru/or 4, and is [ axis of abscissa ] Thickness dS to k value of an optical constant, and a right axis of 
ordinate in the n value of an optical constant, and a left axis of ordinate, respectively. It is expressed. 
[0099] Moreover, in drawing 8 - drawin g 10 , the graph which shows permeability T is indicated at 
coincidence. First, it turns out that it is M-1, M-8, M-10 to M-1 3, and M-17 that the permeability T 
demanded as phase-shifter film is in 5% - 40% of within the limits with reference to drawing 8 when 
exposure light is krF laser. 

[0100] Next, it turns out that it is M-1 to M-3, M-8, and M-1 1 to M-17 that the permeability T 
demanded as a phase shift mask is in 5% - 40% of within the limits with reference to drawing 9 when 
exposure light is i line. 

[0101] Next, it turns out that it is M-1 to M-3, M-7, and M-1 1 to M-17 that the permeability T 
demanded as phase-shifter film is in 5% - 40% of within the limits with reference to drawing 10 when 
exposure light is g line. 

[0102] Above shows that M-1 to M-3, M-7, M-8, and M-1 1 to M-17 can use as phase-shifter film. 
[0103] Next, it is drawing 1 1 which made each above-mentioned case the graph based on the relation of 
a quantity-of-gas-flow ratio. 

[0104] The graph shown in drawing 1 1 makes a graph the rate of the argon in a case M-1 - a case M-17, 
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oxygen, and nitrogen. 

[0105] (%) and flow rate of oxygen, and a triangular right-hand side oblique side show [ (%) and flow 
rate of an argon and a triangular left-hand side oblique side ] the flow rate (%) of nitrogen, and a 
triangular base plots the point of the mixed gas of each case. Moreover, that it can use as phase-shifter 
film expresses with x mark what cannot be used as O mark and phase-shifter film from the above- 
mentioned result of drawing 8 - drawing 10 . 

[0106] As the graph of this drawing 1 1 also shows, as for the volume percentage which each component 
of the mixed gas in the case of the ability to use as phase-shifter film occupies, in the case of the film of 
a molybdenum silicide oxide, it turns out that an argon is [ 76% - 92% oxygen ] 18% - 24%. 
[0107] Moreover, in the case of the film of a molybdenum silicide oxidation nitride, it turns out that 
65% - 79% oxygen is [ 8% - 24% nitrogen ] 3% - 20% for an argon. 

[0108] If the rate that oxygen occupies is made 50% or more more than this, an oxide deposits having 
especially made the upper limit of oxygen into 35% here on the electrode of a sputtering system, and it 
will be because a spatter becomes impossible and will specify from the constraint by the side of 
equipment. 

[0109] As mentioned above, according to the phase shift mask based on this example, and its 
manufacture approach, the 2nd light transmission section consists of only film which consists of the 
molybdenum silicide oxide or the molybdenum silicide oxidation nitride which has 4 - 50% of 
transmission. 

[01 10] Moreover, in the production process, the 2nd light transmission section is formed by forming in 
predetermined thickness the film which consists of the molybdenum silicide oxide or the molybdenum 
silicide oxidation nitride mentioned above using the sputtering method, and performing predetermined 
etching after that. 

[0111] Consequently, since the film as phase- shifter film is formed and an etching process also becomes 
1 time using the conventional sputtering system, it becomes possible to fall the probability for the error 
of the probability for a defect to occur, and a processing dimension to arise. 

[0112] Next, the case where the chromic-acid-ized film, a chromic-acid-ized nitride, or the chromic- 
acid-ized nitriding carbonization film is used as phase- shifter film about the manufacture approach of 
the above-mentioned phase shift mask 200 is explained as the 3rd example. 

[0113] Drawing 12 - drawing 15 are cross-section structural drawings showing the production process 
according to the cross section of the phase shift mask 200 shown in drawing 1 . 

[0114] First, with reference to drawing 12 , on the quartz substrate 1, the sputtering method is used and 
the phase-shifter film 4 which consists of the chromic-acid-ized film, a chromic-acid-ized nitride, or 
chromic-acid-ized nitriding carbide is formed. 

[0115] Next, in order to stabilize the transmission of this phase-shifter film 4, clean oven etc. is used and 
heat-treatment of about 200 degrees C or more is performed. 

[01 16] Thereby, fluctuation (0.5 - 1.0%) of the permeability by the heat-treatment (about 180 degrees C) 
in the resist spreading process after membrane formation of the phase-shifter film can be prevented 
conventionally. 

[0117] Next, the resist film 5 is formed about 5000A of thickness on this phase-shifter film 4. 
[0118] Next, the resist film 5 which has a predetermined resist pattern is formed by exposing i line on 
the resist film 5, and developing the resist film 5 on it with reference to drawing 13 . 
[0119] Next, with reference to drawing 14 , the phase-shifter film 4 is etched by using the above- 
mentioned resist film 5 as a mask. RF ion etching equipment of an parallel monotonous mold is used for 
the etching system at this time, and it is the distance between electrode substrates 100mm, working- 
pressure 0.3Torr, and reactant gas CH2 02+02 It uses, and 25sccm(s) and 75sccm(s) perform each 
flow rate, and it etches by etching time about 4 minutes. By the above, the phase shift mask in this 
example is completed. 

[0120] Next, formation of the phase shift mask using the sputtering method mentioned above is 
explained in full detail below. As conditions required of the phase-shifter film, as mentioned above, it is 
required that it is within the limits whose permeability to exposure light is 5 - 40% first, and that 180 
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degrees of phases of exposure light should be transformed. 

[0121] Therefore, as film which fulfills these conditions, as mentioned above in this example, the film 
which consists of a chromic-acid ghost and a chromic-acid-ized nitride, or chromic-acid-ized nitriding 
carbide was used. 

[0122] In addition, about the structure of the sputtering system for forming the phase-shifter film 
mentioned above, since it is the same as that of the sputtering system shown in drawing 7 , explanation 
here is omitted. 

[0123] In this example, the phase shift mask which consists of the oxide film of the chromium of various 
cases, a chromic-acid-ized nitride, and chromic-acid-ized nitriding carbide was formed in membrane 
formation of this phase-shifter film. 

[0124] The pressure in the vacuum layer 506 in each case when Table 5 sets up various flow rate of 
mixed gas under the above-mentioned spatter conditions, The rate of sedimentation and membraneous 
quality are shown, a case C-l to C-13 is the phase-shifter film of a chromic-acid ghost, and a case C-27 
to C-30 is [ a case C-l 4 to C-26 is the phase-shifter film of a chromic-acid-ized nitride, and ] the phase- 
shifter film of chromic-acid-ized nitriding carbide. 

[0125] Moreover, Table 6 - 8 is the thickness dS for transforming 180 degrees of the permeability, the n 
value of an optical constant (n-i-k) and k value, and the phases in each case over the krF laser (lambda= 
248nm), i line (lambda= 365nm), and g line (lambda= 436nm) which are used as an exposure light. It is 
the shown graph. 

[0126] It sets all over above-mentioned Table 6-8, and is Thickness dS. dS [ from the wavelength 

lambda of exposure light, and the n value of an optical constant ] =lambda/2 (n-1) ~ (2) 

It can ask by ********* 

[0127] 

[Table 5] 
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[Table 6 
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[0129] 
[Table 7] 
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[0131] Next, drawing 16 and drawing 17 express with a graph the data of each case shown in Table 7 
thru/or 8, and are [ axis of abscissa ] Thickness dS to k value of an optical constant, and a right axis of 
ordinate in the n value of an optical constant, and a left axis of ordinate, respectively. It is expressed. 
[0132] Moreover, in drawing 16 and drawing 17 , the graph which shows permeability T is indicated at 
coincidence. First, it turns out that it is C-l to C-16, C-18, C-25, C-27, C-28, and C-30 that the 
permeability T demanded as a phase shift mask is in 5% - 40% of within the limits with reference to 
drawing 16 when exposure light is i line. 

[0133] Next, it turns out that it is a case C-2 to C-13, C-16 to C-18, C-22, C-24, and C-28 to C-30 that 
the permeability T demanded as a phase shift mask is in 5% - 40% of within the limits with reference to 
drawing 1 7 when exposure light is g line. 

[0134] Above shows that it is the above-mentioned case C-l to C-18, C-22, C-24, C-25, and the case C- 
27 to C-30 that can be used as phase-shifter film. 

[0135] Next, mixed gas is Ar+02, Ar+02+N2, Ar+NO, and Ar+02+CH4 about each above-mentioned 
case. It is drawing 18 thru/or drawing 20 which was expressed with the graph based on the relation of a 
quantity-of-gas-flow ratio. 

[0136] The graph shown in drawing 1 8 makes a graph the rate of the argon in the case case C-l to C-18, 
oxygen, and nitrogen. 

[0137] (%) and flow rate of oxygen, and a triangular right-hand side oblique side show [ (%) and flow 
rate of an argon and a triangular left-hand side oblique side ] the flow rate (%) of nitrogen, and a 
triangular base plots the point of the mixed gas of each case. 

[0138] Moreover, what can be used as phase-shifter film expresses with x mark what is not used as O 
mark and phase- shifter film from the result of drawing 16 and drawing 17 . 

[0139] As the graph of drawing 18 also shows, as for the volume percentage which each component of 
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the mixed gas in the case of the ability to use as phase-shifter film occupies, in the case of the film of a 
chromic-acid ghost, it turns out that an argon is [ 36% - 97% oxygen ] 3% - 64%. 
[0140] Moreover, in the case of the film of a chromic-acid-ized nitride, it turns out that 48% - 90% 
oxygen is [ 1% - 39% nitrogen ] 6% - 14% for an argon. 

[0141] Here, if the rate that oxygen occupies is made 50% or more more than this, an oxide deposits 
having especially made the upper limit of oxygen into 39% on the electrode of a sputtering system, and 
it will be because a spatter becomes impossible and will specify from the constraint by the side of 
equipment. 

[0142] Next, the graph shown in drawing 19 makes a graph the argon and the rate of NO in a case C-19 
to C-26. From the result of drawing 16 and drawing 1 7 , what can be used as a phase shift mask 
expresses with x mark what is not used as O mark and phase-shifter film. 

[0143] Moreover, the graph shown in drawing 20 shows the rate of the argon in a case C-27 - a case C- 
30, oxygen, and methane to a graph. 

[0144] (%) and flow rate of oxygen, and a triangular right-hand side oblique side show [ (%) and flow 
rate of an argon and a triangular left-hand side oblique side ] the flow rate (%) of methane, and a 
triangular base plots the point of the mixed gas of each case. 

[0145] Moreover, what can be used as phase-shifter film expresses with x mark what is not used as O 
mark and phase-shifter film from the result of drawing 16 and drawing 17 . 

[0146] As the graph of drawing 19 and drawing 20 also shows, as for the volume percentage which each 
component of the mixed gas in the case of the ability to use as phase-shifter film occupies, in the case of 
the film of a chromic-acid-ized nitride, it turns out that an argon is [ 82% - 87% nitrogen monoxide ] 
■13% -18%. 

[0147] Moreover, in the case of the film of chromic-acid-ized nitriding carbide, it turns out that 78% - 
88% oxygen is [ 2% - 13% methane ] 8% - 10% for an argon. 

[0148] As mentioned above, according to the phase shift mask based on this example, and its 
manufacture approach, the 2nd light transmission section consists of only film which consists of the 
chromic-acid ghost which has 4 - 50% of permeability, a chromic-acid-ized nitride, or chromic-acid-ized 
nitriding carbide. 

[0149] Moreover, in the production process, the 2nd light transmission section is formed by forming in 
predetermined thickness the film which consists of the chromic-acid ghost, the chromic-acid-ized 
nitride, or chromic-acid-ized nitriding carbide mentioned above using the sputtering method, and 
performing predetermined etching after that. 

[0150] Since the film as phase-shifter film is formed and an etching process also becomes 1 time by this 
using the conventional sputtering system, it becomes possible to fall the probability for the error of the 
probability for a defect to occur, and a processing dimension to arise. 

[0151] In addition, metaled oxide, a metaled nitride, the oxide of metal silicide, the oxidation nitride of 
metal silicide, etc. may be used, without being restricted to this, although considered as the film which 
consists of the oxide of molybdenum silicide, a molybdenum silicide oxidation nitride, a chromic-acid 
ghost, a chromic-acid-ized nitride, or chromic-acid-ized nitriding carbide as the 2nd light transmission 
section in each above 2nd and 3rd examples. 

[0152] Next, the 4th example based on this invention is explained. This example forms the metal 
membrane for the electrification prevention at the time of exposure by the electron beam or the laser 
beam on the phase-shifter film in the production process of a phase shift mask. 
[0153] Hereafter, a phase-shifter film production process is explained with reference to drawing 21 - 
drawing 25 . Drawing 21 - drawing 25 are cross-section structural drawings corresponding to the cross- 
section structure of the phase shift mask shown in drawing 1 . 

[0154] First, with reference to drawing, the phase-shifter film 4 which consists of the oxide film of 
molybdenum silicide, the oxidation nitride of molybdenum silicide, a chromic-acid ghost, a chromic- 
acid-ized nitride, or chromic-acid-ized nitriding carbide like the 2nd example or the 3rd example is 
formed on the quartz substrate 1 . 

[0155] Then, the antistatic film 6 of about about 100-500A of thickness is formed on this phase-shifter 
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film 4. In the case of Mo system, as membraneous quality of this antistatic film 6, the membraneous 
quality of the phase-shifter film forms the molybdenum film. Moreover, the chromium film is formed 
when the membraneous quality of the phase- shifter film 4 is Cr system. 

[0156] This is because the phase-shifter film 4 which is formed by the approach mentioned above and 
which consists of the oxide of molybdenum silicide, the oxidation nitride of molybdenum silicide, a 
chromic-acid ghost, a chromic-acid-ized nitride, and chromic-acid-ized nitriding carbide does not have 
conductivity. 

[0157] In addition, in a chromic-acid ghost, since the chromic-acid-ized film formed in the case C-l to 
C-3 described in the 3rd example has conductivity, it does not need to form the above-mentioned 
antistatic film in this case. 

[0158] Then, the resist film for electron rays is formed about 5000A of thickness on this antistatic film 
6. 

[0159] Next, with reference to drawing 22 , the resist film 5 which has a desired resist pattern is formed 
in the predetermined part of the resist film 5 for electron beams by exposing and developing an electron 
beam. 

[0160] Next, with reference to drawing 23 , they are the antistatic film 6 and the phase-shifter film 4, 
using the resist film 5 for electron beams as a mask, when the antistatic film 6 is Mo system CF4+02 It 
etches continuously by dry etching using gas. 

[0161] Next, drawing 24 is referred to and it is 02. The resist film 5 is removed using the plasma etc. 
Then, with reference to drawing 25 , the interruption-of-service prevention film 6 is etched and removed 
using an etching reagent (the 2nd cerium ammonium of a nitric acid / perchloric acid mixed liquor) etc. 
[0162] Thereby, a phase shift mask is completed. On the other hand, with reference to drawing 23 , they 
are the antistatic film 6 and the phase-shifter film 4 again, using the resist film 5 for electron beams as a 
mask, when the antistatic film 6 is Cr system CH2 C12+02 Gas or C12+02 Gas or C12 It etches 
continuously by dry etching using gas. 

[0163] Next, drawing 24 is referred to and it is 02. The resist film 5 is removed using the plasma etc. 
Then, with reference to drawing 25 , the antistatic film 6 is etched and removed using a sulfuric acid etc. 

[0164] Thereby, a phase shift mask is completed. In addition, although the antistatic film which consists 
of molybdenum film in etching of the above-mentioned phase shift mask when a phase shift mask is Mo 
system is formed and the antistatic film which consists of chromium film when a phase shift mask is Cr 
system is formed Without being restricted to this, a phase shift mask may use Mo film as antistatic film 
to Cr system, and to the phase-shifter film of Mo system, even if it uses the antistatic film of Cr system, 
the same operation effectiveness can be acquired. 

[0165] As explained above, it becomes possible to become possible to aim at electrification prevention 
of an electron ray open light-hour by preparing the molybdenum film, and to also achieve the duty as 
light reflex film of an optical position transducer at the time of the production process of a phase shift 
mask. 

[0166] In addition, in the 4th example of the above, although the molybdenum film or the chromium 
film was used as antistatic film, the film which consists of a metal membrane from which the same 
effectiveness is acquired, for example, W, Ta, Ti, Si, aluminum, etc., and those alloys is sufficient. 
[0167] Next, in the phase shift mask formed in the 1st example of the above - the 3rd example, as shown 
in drawing 26 , the defective inspection approach and the defective correction approach when the 
remaining defect (black defect) 50 and the pinhole defect (white defect) 51 arise are explained. 
[0168] First, defective inspection of a chip comparison method is conducted about the manufactured 
phase shift mask using light transmission mold defective test equipment ( 239HR mold made from 
KLA). 

[0169] This defective test equipment inspects with the light which makes a mercury lamp the light 
source. The remaining defect by which the phase-shifter film remains in the place where a pattern 
should be etched, and the pinhole defect whose place where the phase-shifter film should remain is no 
longer the configuration of a pinhole or a chip are detected as a result of inspection. 
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[0170] Next, these defects are corrected. About the remaining defect, it carries out using the laser blow 
correction equipment by the YAG laser used with the conventional photo mask. 
[0171] moreover, the assistance by gas installation of the sputtering etch according to FIB as other 
approaches — it is removable even if it depends dirtily. 

[0172] Next, about a pinhole defect, the correction which embeds a pinhole defective part is made by the 
deposition of the carbon system film 52 by the FIB assistant deposition approach used for the 
conventional photo mask. 

[0173] Thus, a good phase shift mask can be obtained, without the carbon system film 52 separating, 
when the corrected phase shift mask is washed. 

[0174] Next, the exposure approach using the phase shift mask mentioned above is explained. When this 
phase shift mask is used, the thickness of the phase-shifter film is formed by about 1500A - about 
2000A thickness, as shown in the thickness dimension (ds) of Table 2 - 4, 6 - 8. For this reason, since it 
is formed with abbreviation one half extent rather than the thickness of the conventional phase-shifter 
film, as shown in drawing 27 , it becomes possible to give 1 80-degree phase contrast also to the 
exposure light of the slanting component contained in exposure light. 

[0175] Consequently, when it is going to carry out opening of the 0.4-micrometer contact hole as shown 
in drawing 28 for example, it becomes possible to permit a 1.2-micrometer focal gap. Moreover, as 
shown in drawing 29 , when opening of the 0.4-micrometer same contact hole was carried out in the 
case of the photo mask used conventionally, only the 0.6-micrometer focal gap was able to be permitted. 

[0176] furthermore, coffee RENSHI — 0.3-0.7 — preferably, as the aligner of 0.5-0.6 is shown in 
drawing 30 , it becomes possible to raise the depth of focus greatly compared with the conventional 
photo mask. 

[0177] In addition, drawing 28 - drawing 29 show the result of an about, when the contraction projection 
aligner of 5:1 is used, but even if a contraction scale factor uses the contraction projection aligner of 4:1 
and 2.5:1, and the projection aligner of 1:1, they can acquire the same operation effectiveness. 
Moreover, the same effectiveness can be acquired even if it uses not only a projection aligner but 
adhesion exposure and pro squeak tee exposure. Furthermore, even if any, such as g line, i line, and krF 
laser, are used for the above-mentioned exposure approach, it can acquire the same operation 
effectiveness. 

[0178] As mentioned above, since it becomes possible to prevent generating of poor exposure according 
to the exposure approach using the phase shift mask in this example, it becomes possible to aim at 
improvement in the yield in the production process of a semiconductor device. This exposure approach 
can be effectively used in the production process of semiconductor devices, such as DRAM of 4M, 
16M, 64M, and 256M, SRAM, a flash memory, ASIC, a microcomputer, and GaAs, and becomes 
possible [ using enough also in the semiconductor device of a simple substance, and the production 
process of a liquid crystal display further ]. 
[0179] 

[Effect of the Invention] According to the phase shift mask based on this invention, and its manufacture 
approach, the 2nd light transmission section consists of only film of a single ingredient. 
[0180] Moreover, in the production process of a phase shifter, on the substrate which penetrates 
exposure light, the sputtering method is used, the predetermined phase-shifter film is formed, and the 
2nd light transmission section is formed by performing predetermined etching after that. 
[0181] In order for the probability for the error of the probability for a defect to occur, and a processing 
dimension to arise since this becomes possible [ forming the phase-shifter film at 1 time of a process ] 
using the conventional sputtering system and an etching process also becomes 1 time to fall, it becomes 
possible to offer the phase shift mask of high quality. 

[0182] Furthermore, according to the exposure approach using the phase shift mask based on this 
invention, the 2nd light transmission section uses the phase shift mask which consists of film of a single 
ingredient. Thereby, since the thickness of the 2nd light transmission section is thinly formed with 
1500A - about 2000A, it becomes possible [ giving 1 80-degree phase contrast also to the exposure light 
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of the slanting component contained in exposure light ]. Therefore, the phase contrast of the exposure 
light which penetrates the 2nd light transmission section of a phase shift mask becomes uniform, and it 
becomes possible to prevent generating of poor exposure. Consequently, it becomes possible to aim at 
improvement in the yield in the production process of a semiconductor device. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It has the substrate which penetrates exposure light, and the phase shift pattern formed on the 
main front face of this substrate. Said phase shift pattern The phase shift mask which changes 180 
degrees to the phase of the exposure light in which the 1st light transmission section which said 
substrate exposes, and the phase and permeability of the exposure light to penetrate penetrate said 1st 
light transmission section, and permeability is 5 - 40% and has the 2nd light transmission section which 
consists of a single ingredient. 

[Claim 2] Said 2nd light transmission section is a phase shift mask according to claim 1 which consists 
of one kind of ingredient chosen from the group which consists of a metaled oxide, a metaled oxidation 
nitride, an oxide of metal silicide, and an oxidation nitride of metal silicide. 

[Claim 3] Said 2nd light transmission section is a phase shift mask according to claim 1 which consists 
of one kind of ingredient chosen from the group which consists of the oxide of chromium, the 
oxidization nitride of chromium, the oxidization nitriding carbide of chromium, oxide of molybdenum 
silicide, and an oxidization nitride of molybdenum silicide. 

[Claim 4] The process which forms the phase-shifter film of the predetermined thickness which changes 
180 degrees of phases of the exposure light to penetrate, and has 5 - 40% of permeability on the main 
front face of the substrate which penetrates exposure light using the sputtering method, The process 
which forms the resist film which has a predetermined pattern on this phase-shifter film, The 
manufacture approach of the phase shift mask equipped with the process which forms the 2nd light 
transmission section which consists of the 1st light transmission section and said phase-shifter film 
which etches said phase-shifter film by the dry etching method by using this resist film as a mask, and 
said substrate comes to expose. 

[Claim 5] The process which forms said phase-shifter film is the manufacture approach of a phase shift 
mask including the process which forms the film of a molybdenum silicide oxide in the mixed-gas 
ambient atmosphere of an argon and oxygen according to claim 4 using the target of molybdenum 
silicide. 

[Claim 6] The range of volume percentage which each component of said mixed gas occupies is the 
manufacture approach of a phase shift mask according to claim 5 that an argon is 76 - 92% of range, and 
the remainder is oxygen. 

[Claim 7] The process which forms said phase-shifter film is the manufacture approach of a phase shift 
mask including the process which forms the film of a molybdenum silicide oxidation nitride in the 
mixed-gas ambient atmosphere of an argon, oxygen, and nitrogen according to claim 4 using the target 
of molybdenum silicide. 

[Claim 8] For 65 - 79%, and oxygen, an argon is [ the range of the volume percentage which occupies 
each component of said mixed gas / 8 - 24%, and nitrogen ] the manufacture approach of a phase shift 
mask according to claim 7 of being 3 - 20%. 

[Claim 9] The process which forms said phase-shifter film is the manufacture approach of a phase shift 
mask including the process which forms the film of a chromic-acid ghost in the mixed-gas ambient 
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atmosphere of an argon and oxygen according to claim 4 using the target of chromium. 
[Claim 1 0] The range of volume percentage which each component of said mixed gas occupies is the 
manufacture approach of a phase shift mask according to claim 9 that an argon is 36 - 97% of range, and 
the remainder is oxygen. 

[Claim 11] The process which forms said phase-shifter film is the manufacture approach of a phase shift 
mask including the process which forms the film of a chromic-acid-ized nitride in the mixed-gas 
ambient atmosphere of an argon, oxygen, and nitrogen according to claim 4 using the target of 
chromium. 

[Claim 12] For 48 - 90%, and oxygen, an argon is [ the range of volume percentage which each 
component of said mixed gas occupies / 1 - 39%, and nitrogen ] the manufacture approach of a phase 
shift mask according to claim 1 1 of being 6 - 14%. 

[Claim 13] The process which forms said phase-shifter film is the manufacture approach of a phase shift 
mask including the process which forms the film of a chromic-acid-ized nitride in the mixed-gas 
ambient atmosphere of an argon and a nitrogen monoxide according to claim 4 using the target of 
chromium. 

[Claim 14] The range of volume percentage which each component of said mixed gas occupies is the 
manufacture approach of a phase shift mask according to claim 13 that an argon is 82 - 87% of range, 
and the remainder is a nitrogen monoxide. 

[Claim 15] The process which forms said phase-shifter film is the manufacture approach of a phase shift 
mask including the process which forms the film of chromic-acid-ized nitriding carbide in the mixed-gas 
ambient atmosphere of an argon, oxygen, and methane according to claim 4 using the target of 
chromium. 

[Claim 16] The manufacture approach of a phase shift mask according to claim 15 that 78% - 88% and 
oxygen are [ the range of volume percentage which each component of said mixed gas occupies / 2% - 
13% and methane ] 8% - 10% for an argon. 

[Claim 17] The process which manufactures said phase shift mask is the manufacture approach of a 
phase shift mask including the process which forms the antistatic film according to claim 4. 
[Claim 1 8] The process which forms said antistatic film is the manufacture approach of a phase shift 
mask including the process which forms the molybdenum film between the process which forms said 
phase-shifter film by the sputtering method, and the process which forms said resist film according to 
claim 17. 

[Claim 19] The process which forms said antistatic film is the manufacture approach of a phase shift 
mask including the process which forms the chromium film between the process which forms said 
phase-shifter film by the sputtering method, and the process which forms said resist film according to 
claim 17. 

[Claim 20] The process which etches said phase-shifter film is the manufacture approach of a phase shift 
mask given in any 1 term of claim 5 performed by the dry etching method using mixed gas with carbon 
fluoride and oxygen thru/or claim 8. 

[Claim 21] The process which etches said phase-shifter film is the manufacture approach of a phase shift 
mask given in any 1 term of claim 9 performed by the dry etching method using one kind of gas chosen 
from the group which consists of the mixed gas of a methylene chloride and oxygen, mixed gas of 
chlorine and oxygen, and chlorine gas thru/or claim 16. 

[Claim 22] The process which forms said phase-shifter film is the manufacture approach of the phase 
shift mask according to claim 4 which includes the process which performs heat treatment of 200 
degrees C or more after forming said phase-shifter film using the sputtering method. 
[Claim 23] The 1st light transmission section which was formed [ film / the process which applies the 
resist film on a pattern formation layer, and / said / resist ] in exposure light on the penetrating substrate 
and which said substrate exposes, 1 80 degrees is changed to the phase of the exposure light in which the 
phase and permeability of the exposure light to penetrate penetrate said 1st light transmission section. 
And the exposure approach using the phase shift mask which permeability is 5 - 40% and was equipped 
with the process exposed using the phase shift mask which has the phase shift pattern which has the 2nd 
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light transmission section which consists of a single ingredient. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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